The intellectual property (IP) law has been forcefully challenged by scholars and anti-IP movement activists in recent years. The critiques from scholars mainly focused on the enclosure of information and knowledge enforced by IP law. And the activists of anti-IP movements argued for the open access to knowledge to promote creation.
Introduction
Since the middle of 20th century, the rapid development of digital technologies initiated a new round of technology revolution, the so-called "information revolution", and pushed human society move forward to a new era. Daniel Bell (1976) named this new society as "post-industrial society". Manuel Castells (1999) called it as "network society." They both argued that the new society is different from the old one in that the key social structures and activities are organized around electronically processed information. In this new society, the economic development model has changed tremendously because the wealth is created more from information and knowledge than natural resources. In this regard, the economy nowadays is called "knowledge economy" or "knowledge-based economy" (Organization for Economic Co-operation and Development, 1996) .
In the knowledge economy, knowledge production and utilization become the major driving force for economic growth. Therefore, many developed countries invest intensively in knowledge production. According to the statistics of Organization for Economic Co-operation and Development (2008) , the top spenders of research and development (R&D) are all developed countries including Sweden (3.73% of GDP), Japan (3.39% of GDP) and United States (2.62% of GDP). At the same time, the intellectual property (IP) law with the aim of "safeguarding creators and other producers of intellectual goods and services" has been strengthened more than ever before (World Intellectual Property Organization, 2003, p. 3) . In academia, IP law has become one major research domain of liberal arts and gained support from many scholars from multiple disciplines (the so-called "pro-IP camp"). At the same time, it has become a significant issue in the international trade, especially after the World Trade Organization (WTO) requiring its nation members to implement the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) in 1994.
services" (Maskus, 2000, p. 473) , the scholars in the anti-IP camp argued that IP law protects the benefits of big companies instead of creators, and it cultivates a "permission culture" which controls creators to get access of the existing knowledge (Lessig, 2004, p. 15) . Since knowledge is believed as the driving force for economic growth in the knowledge economy, these two opposing arguments would reach opposing conclusions regarding the role of IP law in economic growth.
Besides the difference in the central argument, the two camps employed different methodologies. Many studies in the pro-IP camp employed economic analysis, whereas most studies in the anti-IP camp relied on intuitive, philosophical, or even historical basis. Bettig (1996) argued that economic analysis is more forceful in the policy making process than other approaches. If the scholars in anti-IP camp employ the economic analysis, the current IP statue either in academia or policy would be more forcefully challenged. This study is such an explorative attempt. In particular, it developed a theoretical model to investigate the role of open-access knowledge in economic growth.
The Critiques of IP Law and Anti-IP Movements
In the era of the information society and knowledge economy, "no area of law has a more pervasive impact than intellectual property." (Shave, 2008a, p. 8 ) IP law determines the ownership, rights, and the usage of the most important economic asset of this era: the new knowledge. The earliest regulation over IP at the international level was enforced in 1883 with the Paris Convention for the Protection of Industrial Property. The regime of IP has expanded rapidly since then. At present, nearly all countries in the world have joined in this regime and accepted the rules made by the World Intellectual Property Organization (WIPO). The World Trade Organization's efforts on the protection of the intellectual property further reinforced the international commitment to IP law.
Although IP law has achieved the commitments from the governments and gained rhetorical power on society, it has endured many critiques since as early as the 1960s. Many scholars have joined the anti-IP camp over the past decade. Tullock (1967) and Krueger (1974) argued that the IP law is the outcome of the lobby efforts of the powerful market players, and it actually creates legal monopolies and guarantees the benefits of the monopolies. Noble (1977) demonstrated that IP law had been used as the effective tool to cartelize markets in the automobile and steel industries. Likewise, Rothbard (1993) argued that IP law erects the competitive barriers and thus is detrimental to the free market competition and consumer's benefits. Other scholars criticized IP law from the perspectives beyond market efficiency. For example, Noble (1977) stated that IP law prevents the diffusion of technologies throughout the market. Peng (1990) argued that IP law prohibits the diffusion of innovations from the developed countries to developing countries. Maskus and Reichman (2004) held that IP law reduces the public good and social welfare that governments provide to the public. Drahos and Braithwaite (2002) and Lessig (2004) believed that IP law forces the enclosure of information and knowledge and hence impede the creation of new information and knowledge. In regard of the topic of this study, the most significant critique comes from the scholars who challenged the role of IP law in economic growth. IP law has been considered as the incentive for innovations and economic growth by pro-IP camp (Commission on Intellectual Property Rights, 2002; Grandstand, 2006) . And this argument has widely been taken as the assumption by the policy-makers in both the developed and developing countries (Shaver, 2008a) . Nevertheless, some scholars in the anti-IP camp challenged this assumption. For example, Gallin and Scotchmer (2002) and Maskus (2000) argued that IP law is not the necessarily incentive for creation, and hence, not effectively promotes economic growth.
Along with these scholarly critiques, many activists have engaged in the anti-IP movements. Richard Stallman launched the Free Software Foundation to enhance "the users' freedom to run, copy, distribute, study, change, and improve the software" (Stallman, 2002, p. 43) . The free software movement has achieved international status as long as more and more free software projects accumulated. In the late 1990s, another camp of the movement-open source movement-established with the different doctrines from the initial free software movement. This movement shifts the emphasis from the "licensing models" to "business models" and expands the use of free software from hackers to ordinary users (Mizukami & Lemos, 2008) . The free culture movement, led by Lawrence Lessig, expands the strategies of free software movement to the broader realm of cultural production. Lawrence Lessig created the well-known website "Creative Commons" which lists the licenses that permit sharing and offers the search services for the creative-commons-licensed productions. Based on the critically review of IP law, he argued that the IP law creates a "permission culture" (Lessig, 2004, xiv) , a culture in which creators get to create only with the permission of creators from the past, and a culture that impedes the free exchange of ideas and prohibits innovations. Lessig (2004) developed the concept of "free culture", a culture that "guarantees that follow-on creators and innovators remain as free as possible from the control of the past" (Lessig, 2004, p. 15) . With the same philosophy and strategies of the free software movement and free culture movement, many activists have engaged in the open access to knowledge movement. In 2004, these activists successfully prompted a call for a new development agenda of WIPO, resulting in the acceptance of the access to knowledge as one of the goals of WIPO (World Intellectual Property Organization, 2007, Recommendation 19) .
Two Economic Growth Models
Benkler (2005) and Shaver (2008b) argued that the open access to knowledge would promote broad economic benefits for the public. Follow this argument, as well as the critique of the negative influence of IP law on the economic development (e.g., Gallin & Scotchmer; 2002; Maskus, 2000; Shaver, 2008a) , this study investigated the positive influence of open-access knowledge on economic growth. Economic growth refers to the constant growth of average output per capita (Kuznets, 1991) . Economic growth is one of the major research domains of macroeconomics. In this domain, the endogenous growth theory has become the dominant theory since the 1980s. Two models proposed by Romer (1990) and Lucas (1988) laid the foundation for the development of this theory. Romer (1990) breaks through the assumption of exogenous technological change, and reveals the mechanism of endogenous technological change driven by the reasonable decisions of market players who pursuit the maximum profits. In this model, the economy is constituted by three sectors: the research sector which uses human capital and existing stock of knowledge to produce new knowledge; the intermediate goods sector which uses the designs of the research sector to produce equipment (producer durables) that used in the final goods production process, and the final sector which uses labor, human capital, and equipment to produce final output. The production function of final sector is:
Where Hy denotes the human capital input of final sector, L denotes the labor input of final sector, i
x denotes the equipment.
The knowledge production dynamic function of the research sector is This model provides an explanation for the endogenous knowledge production. The new knowledge production is the result of the rational decisions of investors. The solution of this model demonstrates that the economic growth rate is the increasing function of human capital, and independent of the labor number. Moreover, the government's policy, such as the subsidy for R&D and education, will increase the economic growth rate. Lucas (1988) highlights the externality of human capital. Human capital is an important concept in the economic growth theory. It theorizes the intelligence, knowledge, techniques and health the laborers possess (Becker, Murphy, & Taura, 1990; Schultz, 1961) . Lucas (1988) argues that the externality of human capital has the characteristic of increasing return because it contributes to the increase of all production factors. In this model, the economy has two sectors: the material good producing sector and human capital producing sector. The production function of the material good producing sector is as following:
Where A denotes the exogenous technology, K denotes capital, N denotes labor, h denotes human capital, a h denotes average human capital,  denotes the externality of human capital.
The human capital production function is:
(
Where parameter 0   , and u denotes the input time of human capital production.
In the balance growth path of the solution, the growth of human capital depends on the time input for human capital. The economic growth rate relates to the growth rate of labor. However even when the growth rate of labor is zero, there is still a positive growth rate of economic growth because of the externality of human capital.
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Critical Review of the Two Models from an Open-Access Knowledge Perspective
IP law plays a crucial role in Romer (1990) model because the monopoly power which is granted by IP law provides the necessary incentive for the market players to engage in the R&D activities. In this sense, Romer's model provides justification for IP regulation. However, this model has an important assumption: anyone engaged in research has free access to the entire stock of knowledge (Romer, p. 83) . In fact, IP law denies free access to the existing knowledge. Furthermore, this model emphasizes the technology progress embodied in manufacture equipment, neglecting the change of the global division of labor. The manufacture industries have been shifted from the developed countries to developing countries, especially large ones such as China and India. They are losing their shares in the nation's economy and no longer act as the driving engine for the economic growth in many developed countries. On the other hand, the creative industries are becoming increasingly important in these countries. For example, the U.S. creative industries contributed more to the nation's economy and employed more workers than any single manufacturing sector (Shapiro, p. 30 ).
In the process of creative production, human capital has more value than physical capital, and the entry barrier is lower than other processes of production (Carson, 2009) . In other words, the output mainly depends on the human capital instead of equipment. Thus, it is reasonable to argue that in the economy that heavily relies on the creative production, economic growth is driven by the enhancement of human capital rather than technological change in the manufacture equipment. Lucas (1988) explains the role of human capital in economic growth. However, it emphasizes the time input factor in the human capital accumulation and overlooks other factors. Time spent on learning is an important factor for human capital but it is not the only one. Other factors, especially the accessibility of knowledge, are also indispensable. As criticized by most anti-IP scholars, IP law acts as the obstacle to the access of knowledge (e.g., Drahos, & Braithwaite, 2002; Lessig, 2004) . The anti-IP camp advocates the freedom of sharing knowledge and empowerment of creators and readers (e.g., Lessig, 2004; Litman, 2007 Litman, , 2010 Stallman, 2002) . This study took this argument as the foundation to build a new economic growth model.
A New Economic Growth Model Based on Open-Access Knowledge
Following Lucus (1988), the proposed model also takes human capital as the key driving force for economic growth. However, this model describes a different mechanism through which human capital accumulation depends on the amount of knowledge products. In this model, the economy is constituted by two sectors: final goods production sector and knowledge production sector. The final goods sector is a free competition market in which innumerable same firms produce same quality products. The output of this sector is denoted byY . People in this economy are divided into two groups: one group consists of the researchers whose job is to generate new knowledge; another group consists of the laborers who produce final goods. The human capital depends on the knowledge products available to labor. The production function of the final goods sector is the same as that of Lucas (1988) 
Where A denotes the comprehensive effect of other factors except capital, labor and human capital, K denotes capital, h denotes human capital, L Y denotes the labors in the final goods production sector,  denotes the elasticity of capital, 0 1
For the purpose of simplification, this model assumes that the depreciation rate of capital is zero, thus the capital accumulation function is:
Where L M denotes the labors in the knowledge production sector.
The capital accumulation function equation (4) can be derived by equation (2) and (3): www.ccsenet.org/ijbm  denotes that the knowledge has positive externality because it has the characteristic of non-excludability.
Another group of people (L M ) are researchers who are engaged in knowledge production. The knowledge production function is the same as that in Romer (1990) 
The human capital accumulation dynamic function can be deducted by equation (5) and (6) h ( The knowledge products are assumed to be public goods which have the characteristics of non-excludability and non-rivalry. This assumption is congruent with the central thesis of the anti-IP camp. Even though the scholars in this camp think of "free" as in "free speech", not as in "free beer" (Stallman, 2002, p. 43) , they advocate the freedom to redistribute copies either gratis or for a fee (p. 20) . This freedom will break the monopoly of knowledge products and render a marketplace with the free exchange of knowledge. On the other hand, the scholars of this school advocate the subsidy of government for the access to knowledge (Landers & Posner, 2003) . With the government's intervention, the final equilibrium of the economic growth rate and the distribution of labors between two sectors are equal to the solution of a social planner problem. The dynamic programming model is described as:
Where K(0) and h(0) are preset.
The Solution of the Economic Model
Dynamic optimization method was used to deduce the solution of the proposed economic model. This method has been employed by economists to solve the problem for an economic agent who needs to allocate resources www.ccsenet.org/ijbm
International Journal of Business and Management Vol. 9, No. 3; 2014 between the consumption commodities and capital commodities over time. The following procedure shows the steps of the deduction of the solution.
In order to find the solution of the dynamic programming, Hamilton is given
The transversality condition is: (4) and (7) 1-
The growth rate of  is:
The growth rate of  is:
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The growth rate of u is:
Equation (15), (16) and (17) constitute a differential equation 
1-
The solution of these three equations gives the values of u,  and 
The interest rate in equilibrium is:
The growth rate of capital is:
In equilibrium u , , and  are constant. From the definitions of and  , the following equation is obtained:
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Finally, the capital (K) and output of the economy (Y) on the balanced growth path are obtained:
Conclusion and Discussion
The balanced growth path solution of the proposed model shows that the equilibrium growth rate of the economy depends on the parameters of the model: σ, ρ, λ, ζ, . Two of these five parameters, σ and ρ, are parameters of the utility function, where 1/ σ is the inter-temporal substitute elasticity, and ρ denotes the time preference rate. These two parameters have no any implication for this study. The implications come from the other three parameters. λ denotes the externality of knowledge products. The higher value of λ is, the higher the externality of knowledge products is. ζ is the parameter of knowledge production function denoting the production efficiency. The higher value of ζ is, the higher the knowledge production efficiency is. denotes the converting efficiency of knowledge into human capital. The higher value of is, the higher the converting efficiency is. The solution of the proposed model shows that when these three parameters increase, the economic growth rate will increase.
The proposed model and its solution have the implications on the policies that government can implement to promote economic growth. First of all, this model is based on the assumption that knowledge products are public goods. Boyle (2008) argued that knowledge should be "the public domain" or "the commons" (p. 38). That is, knowledge should be open to the public and citizens should have the right to access the advancement of knowledge. This right was stated as one of the basic human rights by the Universal Declaration of Human Rights. However, the public good market has the free-rider problem and renders market failure (Clarke, 1980) . Thus, government has the responsibility to provide public goods for the public. In regard of the knowledge goods, the investment on public library and other open resources of knowledge is one of the major public policies that government implements to supply open-access knowledge to the public. The more people get the open access to knowledge, the higher the externality of knowledge products is, and then, the higher economic growth rate will be attained. The solution of the proposed model also shows that government can promote economic growth by implementing other policies. For example, the subsidy for the knowledge production will increase the knowledge production efficiency. The regulation on the quality of knowledge production will influence the converting efficiency from knowledge products to human capital. These policies will also have positive effects on the economic growth rate.
Another fundamental assumption of the proposed model is: the more knowledge products a labor gets, the higher human capital he/she will possess. This assumption overlooks people's motivation and capacity of learning. As a matter of fact, learning is an unpleasant activity for many people. They do not learn even though they have a great amount of knowledge resources. Thus, the more knowledge resources do not necessarily result in the higher human capital level. Nevertheless, this assumption is derived from one of the fundamental assumption of economics: humans are rational so that they pursue the maximum benefits for themselves. In the information society and knowledge economy, the higher human capital will bring about more benefits. Hence, the assumption of this model is justified by the rationality assumption of humans.
This study also has shortcomings in other aspects. First, the proposed model overlooks the function of market players in the knowledge production. In fact, most R&D activities are invested by the companies which take the www.ccsenet.org/ijbm International Journal of Business and Management Vol. 9, No. 3; 2014 knowledge products as private goods rather than public goods. Second, it has the implication on the government's regulation on the quality of knowledge products, but not defines that quality. This kind of regulation must relate to the content of knowledge products, and then, would contradict the freedom of speech enshrined in some developed countries, such as U.S. Third, this study uses the education level as an indicator of learning capacity, and thus, simplifies the complicated process of learning. Finally, the proposed model overlooks the international flow of knowledge. Actually, people around the world now enjoy the knowledge stock of the whole world instead of the only knowledge generated within the national border. The Internet promotes the global knowledge flow with an unexpectedly accelerating speed. Many studies demonstrated that the rapid progress of the communication technology has significant influence on economic growth (e.g., Holt & Jamison, 2009; Koutroumpis, 2009 ). The findings of these studies should be integrated in this study to further explore the influence of the Internet on the complex relationship between open-access knowledge and economic growth.
